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Analysis of the sites of reaction of a biologically important compound, pilocarpine, a molecule
with imidazole and butyrolactone rings connected by a methylene bridge, has been accom-
plished in a quadrupole ion trap with the aim of characterizing its structure/reactivity
relationships. Ion–molecule reactions of pilocarpine with chemical ionizing agents, dimethyl
ether (DME), 2-methoxyethanol, and trimethyl borate (TMB), along with collision-activated
dissociation elucidated the reaction sites of pilocarpine and made possible the comparison of
structural features that affect sites of reaction. Based on MS/MS experiments, methylation
occurs on the imidazole ring upon reactions with CH3OCH2
1 or (CH3OCH2CH2OH)H
1 ions
but methylation occurs on the lactone ring for reactions with (CH3O)2B
1 ions. Bracketing
experiments with two model compounds, a-methyl-g-butyrolactone and N-methyl imidazole,
show the imidazole ring to have a greater gas-phase basicity and methyl cation affinity than
the lactone ring. The contrast of methylation by TMB ions on the lactone ring is explained by
initial addition of the dimethoxyborinium ion, (CH3O)2B
1, on the imidazole ring with
subsequent collisional activation promoting an intramolecular transfer of a methyl group to
the lactone ring with concurrent loss of CH3OBO. Semiempirical molecular orbital calculations
are undertaken to further address the favored reaction sites. (J Am Soc Mass Spectrom 1999,
10, 209–216) © 1999 American Society for Mass Spectrometry
Product distributions from ion–molecule reactionsmay provide diagnostic information for struc-tural identification, and thus understanding
structure/reactivity relationships is critical for exploit-
ing applications of ion–molecule reactions involving
increasingly complex molecules. Although the most
common use of ion–molecule reactions remains chemi-
cal ionization for analysis of volatile, low molecular
weight analytes, there has been increasing interest in
applying ion–molecule reactions to solve structural
problems involving biological molecules [1–9]. For ex-
ample, two types of ion–molecule reactions that have
shown promise for the characterization of large multi-
charged biological molecules produced by electrospray
ionization include proton-transfer reactions that assist
in determination of both the location of sites of proto-
nation and the gas-phase basicities of individual sites
[10–12], and hydrogen/deuterium exchange reactions
that allow differentiation of conformations [13–17]. The
determination of specific sites of reaction and elucida-
tion of the structural factors that influence the specific
reaction sites is important for rationalization of the
reaction pathways, prediction of related reaction path-
ways for other classes of molecules, and interpretation
of fragmentation patterns. The identification of reaction
sites is typically based on secondary information, such
as that obtained by the fragmentation patterns of prod-
uct ions or by computational methods. More detailed
studies can be undertaken when model compounds are
available that mimic the reaction sites within large
molecules, especially when key intermolecular interac-
tions within the larger molecules are adequately repre-
sented.
In this study, a series of ion–molecule reactions of
pilocarpine, a cholinergic agonist isolated from the
leaves of Pilocarpus [18], with different reactant ions are
investigated to determine the sites of reaction and the
structural factors that influence the sites of reaction.
Pilocarpine is an ideal molecule for the detailed study of
sites of reaction because its structure is composed of
two different rings connected by a methylene bridge.
Two model compounds, a-methyl-g-butyrolactone and
N-methyl imidazole, were used to elucidate the favored
reaction sites (see Figure 1). The reactant ions of interest
were generated from ionization and/or self-reaction of
dimethyl ether [i.e., CH3OCH2
1 and (CH3OCH3)H
1],
trimethyl borate [i.e., (CH3O)2B
1], and 2-methoxyetha-
nol[i.e.,(CH3OCH2CH2OH)H
1andCH3OCH2CH2OCH2
CH2
1]. [Note: The CH3OCH2
1 ion may exist as
CH3
1OACH2.] Two of these reactants, CH3OCH2
1 and
(CH3O)2B
1, are known to generate methylated analyte
ions via different pathways, thus allowing comparison
of the structural factors that affect the sites of reaction.
The primary objective of the present study involves the
elucidation of the sites of reaction by comparison of the
reactions of the model compounds, bracketing experi-
ments involving methyl cation transfer, molecular mod-
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eling, and evaluation of the dissociation of the various
product ions.
Ion–molecule reactions involving reactant ions gen-
erated from dimethyl ether (i.e., CH3OCH2
1), trimethyl
borate [i.e., (CH3O)2B
1], and 2-methoxyethanol
(CH3OCH2CH2OCH2
1) have been reported previously.
The CH3OCH2
1 ion promotes methylation and/or
methylene substitution, resulting in the formation of
[M 1 15]1 and [M 1 13]1 products, respectively [19–
21], where M represents the analyte. Reactions of
(CH3O)2B
1 typically lead to formation of [M 1
(CH3O)2B]
1 adducts which may undergo elimination of
methanol to form [M 1 41]1 products [22–25]. The
CH3OCH2CH2OCH2
1 ions, which are similar in their
reactivity to the CH3OCH2
1 ions, react by formation of
[M 1 CH3OCH2CH2OCH2
1] adducts that dissociate to
form [M 1 13]1 ions [26, 27]. However, the pertinent
ions formed from reaction of pilocarpine with 2-me-
thoxyethanol ions were derived from the
(CH3OCH2CH2OH)H
1 and CH3OCH2CH2OCH2CH2
1
ions. The variation in the structures and reactive prop-
erties of the various reactive ions from dimethyl ether,
trimethyl borate, and 2-methoxyethanol make them
interesting candidates for comparative studies of the
ion–molecule reactions of pilocarpine.
Experimental
Quadrupole Ion Trap Mass Spectrometry
A Finnigan MAT quadrupole ion-trap mass spectrom-
eter (ITMS) operated in the mass-selective instability
mode was used. Pilocarpine was introduced into the
trap with a heated solids probe at a temperature of
160–180°C. The ion-trap temperature was maintained
between 110 and 120°C. Liquid compounds were intro-
duced through leak valves with partial pressures of
nominally 8 3 1026–9 3 1026 torr (1 torr 5 133.3 Pa).
The typical reagent gas pressure introduced through
leak valves was nominally ;1 3 1025–1.5 3 1025 torr.
The pressure of the helium buffer gas was maintained
at 0.8 mtorr.
An electron ionization pulse of 8–12 ms was applied
followed by an ion–molecule reaction period of be-
tween 10 and 100 ms. A specific product was then
isolated using the appropriate application of dc and rf
voltages. Collisional activation was performed by the
application of an ac voltage of 0.4–0.6 Vp–p applied
across the end caps for 10–20 ms with a qz value of
between 0.3 and 0.4. The mass-selective instability
mode was used to eject the fragment ions from the trap
onto an electron multiplier for detection.
For the ligand exchange experiments with model
compounds, two of the model compounds were admit-
ted simultaneously into the trap at approximately the
same partial pressures, based on similar mass spectral
intensities. A chemical ionizing agent was introduced
into the trap and allowed to react with the analytes for
50 ms. One of the products was then isolated and
allowed to react with the other neutral compound for
500 ms while exchange was monitored. Ligand ex-
change was then performed in the reverse direction by
isolating the other adduct and letting it react with the
neutral compound for the same amount of time.
Computational Chemistry
The structures for molecules and ions of interest were
optimized and heats of formation calculated using the
AM1 Hamiltonian as found in HyperChem (Hyper-
cube, Ontario, Canada).
Reagents
2-Methoxyethanol, a-methyl-g-butyrolactone, cyclo-
pentene, 4-picoline, N-methyl pyrrole, and perdeuter-
ated acetone were obtained from Aldrich Chemical
(Milwaukee, WI) and trimethyl borate, pilocarpine and
N-methyl imidazole from Sigma Chemical (St. Louis,
MO). Dimethyl ether was purchased from MG Indus-
tries (Valley Forge, PA), and perdeuterated dimethyl
ether from Isotech (Miamisburg, OH). All reagents were
used without further purification.
Results and Discussion
Overview of Strategy
In order to determine the sites of reaction of pilo-
carpine, a series of experiments were undertaken. First,
pilocarpine was reacted with three chemical ionizing
reagents in ion/molecule reactions, which generated an
array of products. The three reagents of greatest interest
included dimethyl ether, trimethyl borate, and 2-me-
thoxyethanol. The reactive ions from these three re-
agents promote methylation reactions among other
competitive reactions that may occur at different sites in
pilocarpine. Next, the structures of relevant products of
the ion/molecule reactions were probed using colli-
sional activated dissociation to determine whether the
fragmentation pathways pointed to a specific reaction
site and whether it was the same for all the different
reactions. To further elucidate the reaction site, ligand
exchange reactions were carried out using model com-
pounds. Finally, semiempirical molecular orbital calcu-
lations of heats of formation of various products were
performed for comparison with the experimental re-
sults.
Figure 1. Structure of pilocarpine and model compounds used
(formula weight).
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Reactions of Pilocarpine
To understand the reactions of pilocarpine, neutral
pilocarpine and each of the three ionized reactants were
allowed to react for 10–100 ms in the quadrupole ion
trap. The products formed were then collisionally dis-
sociated and the resulting fragments used to determine
possible mechanisms of reaction. There are several
possible reaction sites of pilocarpine: the pyrrolic
amine, the secondary imine, the carbonyl oxygen, the
alkene, and the ether oxygen. Our interest was to
determine which site of reaction is preferred for the
various reactants and whether the reaction site remains
the same for analogous products, such as [M 1 H]1
versus [M 1 15]1, and [M 1 15]1 versus [M 1 45]1,
and the various [M 1 15]1 ions generated by the three
different reactants, where M represents pilocarpine.
Pilocarpine was reacted with dimethyl ether ions
which generated products at [M 1 H]1, [M 1 15]1,
and [M 1 45]1 from the addition of H1, CH3
1, or
CH3OCH2
1, respectively. Protonated pilocarpine was
generated from reaction of neutral pilocarpine with
isolated protonated dimethyl ether, (CH3OCH3)H
1. Re-
action of pilocarpine with the isolated methoxymethyl-
ene ion, CH3OCH2
1, caused the formation of products at
[M 1 15]1 and [M 1 45]1.
The major reactive ion from the second reactant,
trimethyl borate, is the dimethoxyborinium ion. Isola-
tion of (CH3O)2B
1 and reaction with pilocarpine leads
predominantly to formation of [M 1 (CH3O)2B]
1 prod-
ucts. This product is of interest because boron may form
strong bonds to nitrogen or oxygen atoms and also
because activation of this product leads to formation of
[M 1 15]1, thus yielding another source of methylated
pilocarpine ions.
Ionization of 2-methoxyethanol results in three dom-
inant reactive ions, (CH3OCH2CH2OH)H
1, CH3OCH2
CH2OCH2
1 (or CH3OCH2CH2
1OACH2) and CH3OCH2
CH2OCH2CH2
1 (or in the cyclic form, O-methylated
dioxane). Isolation and reaction of protonated 2-me-
thoxyethanol with pilocarpine leads to formation of
[M 1 H]1 and [M 1 15]1 ions. Because protonated
2-methoxyethanol may promote methyl cation or pro-
ton transfer, initial protonation of 2-methoxyethanol
would occur at the methoxyl oxygen, therefore making
either a proton or a methyl cation available for transfer
during an ion–molecule reaction. Subsequent transfer of
a methyl cation to pilocarpine would result in formation
of 1,2-ethanediol as the neutral product. When the
CH3OCH2CH2OCH2CH2
1 ion is isolated and reacted
with pilocarpine, products are evident at [M 1 H]1
and [M 1 15]1. The fact that CH3OCH2CH2OCH2CH2
1
may act as an efficient methylating agent combined
with the inherent instability of its linear form suggests
that this reactant ion cyclizes in the gas phase, resulting
in O-methylated 1,4-dioxane, an excellent methyl cation
donor.
From the ion–molecule reactions described above,
several different types of pilocarpine ions and adducts
are formed. As discussed in the following section,
collisional activated dissociation experiments allow the
first steps towards characterizing the pilocarpine ions
and evaluating whether the sites of ionization are the
same.
Methylation Pathways and Structures of [M 1
15]1 Ions
Collisional activation of the [M 1 73]1 ion created
upon reaction of the dimethoxyborinium ion with neu-
tral pilocarpine produced an [M 1 15]19 ion, thus
allowing comparison of this [M 1 15]19 product to the
[M 1 15]1 ions formed directly upon reactions with
dimethyl ether or 2-methoxyethanol ions. In order to
compare the structures of the three types of [M 1 15]1
ions, collisional activated dissociation (CAD) experi-
ments were undertaken. CAD spectra that are different
typically indicate different precursor ion structures. The
CAD spectra of the [M 1 15]1 ions generated from the
three different reactants are shown in Figure 2. The
spectra in A and B are indistinguishable and show only
two fragment ions, 1091 and 1101. The mass-to-charge
ratios of these ions correspond to the formulas C6N2H9
and C6N2H10, which suggests structures involving the
imidazole ring. Since dimethyl ether and 2-me-
thoxyethanol generate similar methylating reagents,
CH3OCH2
1 versus (CH3OCH2CH2OH)H
1 and
CH3OCH2CH2OCH2CH2
1, it is not surprising that the
Figure 2. Spectra obtained from the CAD of [M 1 15]1 of
pilocarpine with chemical ionizing agents (A) dimethyl ether
(DME), (B) 2-methoxyethanol, and (C) trimethyl borate (TMB).
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ion–molecule reactions lead to identical [M 1 15]1
products that give identical CAD patterns. In contrast,
the CAD spectrum of the [M 1 15]1 ion generated by
the dimethoxyborinium ion reagent is different and
shares no similar ions with the other CAD spectra.
These contrasting CAD spectra led to the proposal
that there are two different sites of methyl cation
addition, one site favored by the dimethyl ether and
2-methoxyethanol reactants, and the other favored by
the dimethoxyborinium reactant. We suspected that the
methyl cation could bind to either the oxygen or nitro-
gen depending on the nature of the methylating re-
agent. In addition, the [M 1 15]1 ion generated from
the dimethoxyborinium reagent originates from decom-
position of the [M 1 B(OCH3)2]
1 adduct, so a multi-
step rearrangement may occur.
To elucidate the structures of the [M 1 15]1 ions,
structures of the fragment ions and mechanisms were
proposed, and experiments with perdeuterated di-
methyl ether were undertaken to support these propos-
als. Perdeuterated dimethyl ether ions were used to
produce [M 1 CD3]
1 and [M 1 CD3OCD2]
1 ions,
and the CAD results are summarized in Table 1. The
[M 1 CD3OCD2]
1 ions dissociated exclusively by loss
of CD2O to produce [M 1 CD3]
1 ions. This result
shows that the methylation reaction occurs without
scrambling between the reactants. The [M 1 CD3]
1 ion
dissociates to fragment ions at m/z 112 and m/z 113, a
shift of 3 u compared to the analogous ions seen in
Figure 2A for dissociation of [M 1 CH3]
1 ions. This
latter result confirms that all three deuterium atoms
remain in the two fragment ions, thus indicating that
the methyl cation remains with the ionic fragment.
The CAD spectrum of protonated pilocarpine is
shown in Figure 3. Loss of 46 u is predominant,
suggesting that the consecutive loss of water and car-
bon monoxide is the favored dissociation process re-
sulting in a stable allylic carbocation. A mechanism for
this process is proposed in Scheme 1. The CAD spec-
trum of [M 1 D]1 is identical to the CAD spectrum of
[M 1 H]1 in the sense that all the fragment ions appear
at the same masses and are not shifted upwards by 1 u.
This result indicates that the added D (or proton for
[M 1 H]1) is eliminated in every fragmentation pro-
cess. This result also suggests that the dehydration
process mentioned above may be the primary fragmen-
tation pathway that leads to all other fragment ions, and
thus the added proton is lost in the elimination of water.
In fact, an MS/MS/MS experiment undertaken on the
fragment ion at m/z 163 (because of loss of 46 u from
protonated pilocarpine) shows that it dissociates to ions
at m/z 95, 121, and 122, just like the m/z 163 ions from
protonated pilocarpine. This MS/MS/MS experiment
provides evidence that the initial loss of 46 u from
protonated pilocarpine is highly favored, and thus most
of the other lower mass fragment ions stem from this
primary fragment at m/z 163.
Comparison of the CAD results for the [M 1 15]1
vs. [M 1 H]1 ions from reaction of pilocarpine with
Table 1. CAD of deuterated products of pilocarpine
Product
Fragments (m/z)
Relative
abundance (%) Neutral losses (u)
(M 1 D)1 95 (24%),
109 (9%),
121 (19%),
122 (10%),
163 (38%)
2115, 2101, 289,
288, 247
(M 1 CD3)
1 112 (60%),
113 (40%)
2114, 2113
(M 1 CD3OCD2)
1 226 (100%) 232
Figure 3. Spectrum showing CAD of protonated pilocarpine.
Scheme 1. Proposed mechanism for CAD of [M 1 H]1 produc-
ing a fragment at m/z 163.
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DME and/or 2-methoxyethanol indicate few similari-
ties in the type of fragment ions or in the deuterium
labeling behavior. These major differences in fragmen-
tation patterns suggest that [M 1 15]1 and [M 1 H]1
ions are not analogous to each other and thus do not
have identical ionization sites.
Although the CAD spectrum of the [M 1 15]19 ion
generated from reactions with dimethoxyborinium ions
is strikingly different from the CAD spectrum of the
other [M 1 15]1 ions, there are many similarities be-
tween the CAD spectrum of the [M 1 15]19 ions
generated from reactions with dimethoxyborinium ions
and the CAD spectrum of protonated pilocarpine. The
dominant fragment ion in both spectra is m/z 163, and
both have minor fragment ions at m/z 95, 121, 122, and
191. The similarities in these spectra indicate that the
ions may be analogous with the proton and methyl
cation attached at the same sites.
Experimental Reaction Sites of Pilocarpine
To confirm the thermodynamically favored site of reac-
tion of pilocarpine, first we focused on differentiating
the reactions of the two rings. The competitive reactions
of two model compounds, N-methyl imidazole and
a-methyl-g-butyrolactone were examined. Figure 4
shows the methyl cation transfer reactions between the
two models. The [M 1 15]1 ion of a-methyl-g-butyro-
lactone is isolated in Figure 4A, then the spectrum
obtained after subsequent reactions with N-methyl im-
idazole is shown in Figure 4B. The reverse sequence is
illustrated in Figure 4C, D. Based on these reactions, it
is clear that N-methyl imidazole has a greater methyl
cation affinity and suggests that the imidazole ring
would be the thermodynamically favored site of meth-
ylation in pilocarpine, barring the influence of other
significant steric or electronic effects.
These ligand exchange experiments were followed
by analogous experiments to determine the thermody-
namically favored site of protonation, dimethoxy-
borinium ion attachment, and CH3OCH2
1, (CH3OCH2
CH2OH)H
1, and CH3OCH2CH2OCH2CH2
1 adduction.
Based on similar types of ligand exchange experiments
involving other types of cations, it was verified that
N-methyl imidazole has a greater gas-phase basicity,
methyl cation affinity, dimethoxyborinium ion affinity,
CH3OCH2
1 affinity, and (CH3OCH2CH2OH)H
1 and
CH3OCH2CH2OCH2CH2
1 affinity than a-methyl-g-bu-
tyrolactone. This experimental finding correlates well
with the greater gas-phase basicity of nitrogen-contain-
ing compounds as compared to oxygen-containing
compounds [28], and suggests that the imidazole ring of
pilocarpine may be uniformly favored for gas-phase
reactions that involve nucleophilic addition.
Once it was proven that the imidazole ring is the
thermodynamically favored site of methylation, the
specific atom at which reaction occurred was deter-
mined. The imidazole ring of pilocarpine and the model
compound N-methyl imidazole both have three basic
sites: a secondary imine, a pyrrolic amine, and a double
bond. The favored reaction site was confirmed by
ligand exchange experiments using three model com-
pounds, 4-picoline, N-methyl pyrrole, and cyclopen-
tene. 4-Picoline was used to model the reactivity of a
secondary imine, N-methyl pyrrole was used to reflect
the reactivity of a pyrrolic amine, and cyclopentene was
used to mimic the activity of a double bond (see Figure
5). Results of these experiments eliminated the double
bond as the favored reaction site. Ligand exchange
experiments between 4-picoline and N-methyl pyrrole
showed that methylation was thermodynamically fa-
vored at the secondary imine over the pyrrolic amine,
as expected because of the higher gas-phase basicities of
imines versus amines [28].
After confirmation that the thermodynamically fa-
Figure 4. Spectra obtained from the bracketing method. (A)
Isolation of methylated a-methyl-g-butyrolactone in the presence
of neutral N-methyl imidazole followed by (B) 500 ms reaction
time. (C) Isolation of methylated N-methyl imidazole in the
presence of a-methyl-g-butyrolactone followed by (D) 500 ms
reaction time. The N-methyl imidazole extracts the methyl cation
from the a-methyl-g-butyrolactone.
Figure 5. Structures of model compounds used.
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vored site of reaction of pilocarpine was the secondary
imine of the imidazole ring, mechanisms to explain the
fragmentation patterns shown earlier were proposed.
As expected, the methylated product from reaction of
dimethyl ether ions or 2-methoxyethanol ions with
pilocarpine was produced from direct addition of the
methyl cation at the secondary imine, as shown in
Scheme 2. However, we propose that the methylated
product generated from the reactions of the dimethoxy-
borinium ions occurred by addition of the methyl cation
to the carbonyl oxygen of the lactone ring, instead of the
secondary imine. Initially, as shown in Scheme 3, the
dimethoxyborinium ion attaches at the more basic sec-
ondary imine, but upon activation of the [M 1
B(OCH3)2]
1 adduct and elimination of OAB–OCH3,
the methyl cation migrates to the carbonyl oxygen (with
further migration to the ether oxygen after collisional
activation of the [M 1 15]19 product). Further confir-
mation of addition at this particular oxygen comes from
mechanisms showing fragmentation of the [M 1 15]19
ions (see Scheme 4).
Scheme 4 shows a possible pathway for dissociation
of [M 1 15]19 by consecutive losses of CH3OH and
CO, leading to 1631. Ring opening of the lactone ring is
followed by an intramolecular proton transfer and
elimination of CH3OH. Loss of methanol is followed by
elimination of the carbon monoxide leading to the
formation of the stable allylic carbocation at m/z 163.
As shown in Figure 2C, when [M 1 15]19 dissoci-
ates, fragments are seen at m/z 95, 121, 122, 163, and
191. This pattern of fragmentation closely resembles
that of protonated pilocarpine, as shown in Figure 4.
The multiple fragments in common between [M 1 H]1
and [M 1 15]19 support the idea that protonation and
methyl cation addition occur at the same place on the
pilocarpine molecule. Loss of H2O and CO is dominant
for dissociation of protonated pilocarpine, as compared
to loss of CH3OH and CO from dissociation of [M 1
15]19.
Although fragmentation patterns of pilocarpine
[M 1 H]1 support protonation prior to dissociation at
the ether oxygen of the lactone ring, ligand exchange
experiments suggest protonation occurs at the second-
ary imine of the imidazole ring. Presumably, the proton
is initially added to the secondary imine, but upon
activation the proton moves to the lactone ring prior to
dissociation, as seen in Scheme 1.
Calculations
Semiempirical molecular orbital calculations of heats of
formation of molecules and ions were undertaken to
support the experimental results. The methyl cation
was added at possible sites of reaction on the pilo-
carpine ring and the resultant heats of formation calcu-
lated (see Table 2). As was also seen experimentally,
addition of the methyl cation was most thermodynam-
ically favored at the secondary imine of the imidazole
ring.
As was previously discussed, we proposed that the
methyl cation of the [M 1 B(OCH3)2]
1 adduct mi-
grated to the lactone ring upon CAD. These molecular
orbital calculations support addition of a methyl cation
at the carbonyl oxygen. Presumably during subsequent
activation and dissociation of the [M 1 15]19 ion, the
methyl cation moves from the carbonyl oxygen to the
ether oxygen prior to fragmentation via the lowest
energy pathway as shown in Scheme 4 (loss of CH3OH
and CO).
Using molecular modeling the methyl cation was
Scheme 2. Proposed mechanism for addition of CH3
1 to pilo-
carpine from the methoxymethylene ion.
Scheme 3. Proposed mechanism for addition of CH3
1 to pilo-
carpine from the dimethoxyborinium ion.
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also added at the secondary imine and the pyrrolic
amine of the model compound, N-methyl imidazole. As
shown in Figure 6, addition of the methyl cation at the
secondary imine of N-methyl imidazole is thermody-
namically favored by 36 kcal/mol. These computational
results showing that methyl cation addition is much
more thermodynamically favored at the secondary
imine of the imidazole ring than at the pyrrolic amine
agree with the experimental results.
Conclusion
The use of site-selective ion–molecule reactions, CAD,
ligand exchange reactions, and molecular orbital calcu-
lations allow a logical strategy for probing specific sites
of reaction. The primary site of reaction of pilocarpine is
at the secondary imine on the imidazole ring, in agree-
ment with molecular orbital calculations. When this site
is blocked by attachment of B(OCH3)2
1, an intramolec-
ular cation transfer occurs that results in methylation of
the lactone ring. The two different sites of methylation
significantly change the fragmentation pattern of pilo-
carpine. These results highlight one way for directing
ionization pathways and altering fragmentation pat-
terns based on careful selection of reactant ions.
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